H 2 SO 4 and 0.75 M H 3 PO 4 , respectively) . The reactor was placed in a preheating oil bath set at 363 K for 5 min, and then transferred into an oil bath set at 453 K to perform the reaction. Reaction times ranged from 2.5 to 3 min to obtain conversions close to 75% from the moment the reactor was transferred into the 453 K oil bath. The reaction was stopped by rapidly cooling the reactor in an ethylene glycol bath set at 253 K. Next, a portion of the aqueous phase was pipetted out and diluted 1:2 or 1:3 w/w with DI water for 30% or 50% fructose experiments, respectively. The organic phase was sampled without dilution. In a typical low-temperature experiment, 5 g of aqueous phase solution, 5 g of organic phase solution and ion exchange resin in a 1:1 w/w fructose:resin ratio were poured into a 25 ml glass reactor (Alltech). The reactor was then placed in an oil bath set at 353 K for 8-16 h to obtain fructose conversions close to 75%. After cooling the reactor in an ice-bath, a portion of the aqueous phase was pipetted out and diluted 1:1 or 1:2 w/w with DI water for 10% or 30% fructose experiments, respectively. The organic phase was sampled without dilution.
Sample analyses were performed by HPLC using a Waters 2690 system equipped with PDA 960 UV (320 nm) and RI-410 refractive index detectors. Fructose disappearance was monitored with an Aminex HPX-87H column (Biorad), using MilliQ water (pH = 2) as the mobile phase at a flow rate of 0.6 ml/min and a column temperature of 303 K. HMF was quantified in the aqueous and organic phases with a Zorbax SB-C18 reverse phase column (Agilent), using a 2:8 v/v Methanol:Water (pH = 2) gradient at a flow rate of 0.7 ml/min and a column temperature of 303 K.
Fructose conversion and HMF selectivity were calculated from the product of the aqueous and organic phase concentrations obtained in the HPLC and their corresponding volumes after reaction. Because the value of V org /V aq changes after reaction, final volumes for each run had to be determined individually. This change occurs because V org /V aq after reaction is a function of the amounts present at a given time of unreacted fructose (which resides exclusively in the aqueous layer), HMF formed (which partitions between both layers), water formed during reaction and 2-butanol (which partitions differently according to the total amount of extracting solvent used). In the present work, values for V org /V aq after reaction were calculated as follows: the amounts of all liquid components (e.g., water, DMSO, MIBK, and 2-butanol) used in an experiment were entered into Aspen Plus Simulation software. Next, a simulation was performed in a Flash3 unit (using the UNIFAC-DMD property method at a pressure of 1 atm and a temperature of 298 K) to obtain the equilibrium volumes of the resulting two-phase system. Next the volumes occupied by the dissolved solutes (e.g., fructose, HMF, PVP) were added to their respective phase, thus obtaining the value for V org /V aq after reaction.
The volumes of the dissolved solutes were obtained experimentally. This method was found to match closely the final aqueous and organic phase volumes obtained experimentally for standard systems prepared at a fixed conversion and HMF selectivity.
Sample Volume Calculation
Standard Sample:
A standard aqueous solution of 3 g representing a 30wt% fructose dehydration at 70% selectivity and 65% conversion contained 2.37 g of water (~2.25 g of initial water plus 5 0.12 g of water formed), 0.297 g of HMF, and 0.326 g of fructose. The solution was mixed with 4.2 g of MIBK and 1.8 g of 2-butanol (i.e., 6 g of a 7:3 MIBK:2:butanol solution). After vigorously shaking the solution and letting both phases reach equilibrium, the volumes of each phase were measured, yielding V org = 7.64 ml and V aq = 2.39 ml, corresponding to V org /V aq = 3.2.
ASPEN Plus method for volume calculation
The amounts of water, MIBK, and 2-butanol used for the standard sample above were entered into ASPEN Plus Simulation Software Version 12.1. The equilibrium calculations yielded V aq = 2.09 ml and V org = 7.61 ml. Next, assuming dissolved fructose occupies 0.65 ml/g and HMF occupies 0.83 ml/g, and HMF partitions with an R value of 1.7, 0.25 ml (0.23 ml from fructose and 0.02 ml from HMF aq ) and 0.22 ml (from HMF org ) have to be added to the aqueous and organic phases respectively. Thus, the final volumes are V org = 7.83 and V aq = 2.34 ml, yielding a V org /V aq = 3.35, and an error of 4.7% when compared to the experimental standard.
